Magnetic resonance imaging (MRI) with conventional axial spin-echo technique can suggest the diagnosis by demonstrating a high signal intensity ring surrounding the narrowed central lumen (which lacks signal) of the carotid.2-5 The definitive diagnosis is established with conventional angiography, although distinguishing atherosclerotic narrowing from dissection may occasionally be difficult. More recently, magnetic resonance angiography (MRA) has been introduced into clinical practice67 and in combination with MRI offers the potential of more definitive, noninvasive diagnosis in the setting of CCD. This article describes the course of diagnosis, management, and follow-up of CCD in five patients using the combination of MRI, MRA, and conventional angiography to help clarify the role of and need for each modality.
Subjects and Methods
Five patients (three women, two men; age range, 31-60 years) in whom the suspicion of carotid artery dissection was based on clinical presentation and the combination of MRI and MRA studies had their records and imaging studies reviewed. Table 1 summarizes the clinical and imaging data of these patients.
All patients presented with acute onset of unilateral cervicofacial pain with associated ipsilateral postganglionic Homer's syndrome (ptosis, miosis) for 7-21 days' duration. None had a recognized, precipitant traumatic event. Patient 2 experienced Raeder's paratrigeminal neuralgia (unilateral frontal headache over the fifth cranial nerve distribution), which was subsequently thought to be secondary to the injury to the parasympathetic fibers in the subpetrosal region of the internal carotid artery. Patient 3 had a history of chronic headache, hypertension, and sinusitis (in addition to the above symptoms), which were not relieved by his usual medications. One female patient had a previous history of bilateral mastectomy for documented breast carcinoma. Another female patient was taking oral contraceptives before the event; these were discontinued after the diagnosis was established.
All four patients with verified carotid dissection received anticoagulation therapy for a 3-month period. No complications occurred during the course of treatment. In Conventional angiography was performed in four of the five patients via typical Seldinger puncture, using a selective carotid catheterization approach. Cut film-screen as well as digital image acquisition was performed. Results 
Imaging
The initial MRAs were performed before the conventional angiogram except on patient 3, as noted in Table 1 . 
Magnetic Resonance Imaging
Of four patients with proven carotid dissection ( Figures  1-4) , three had a well-circumscribed eccentric collar of high signal intensity surrounding the signal void within a constricted lumen of the carotid artery on the side of the symptoms and signs (Figures 1A, 3A; Figure 4 , left panel). The second patient had at best an equivocal narrowing of the subpetrous portion of the affected internal carotid artery (Figure 2A) . Although the collar of high signal, when present, was seen on all the axial sequences, the late echo image of the long TR sequence showed it best.
Magnetic Resonance Angiography MRA of the cervicocranial carotids showed an abnormality beginning in the proximal one third of the internal carotid artery in one patient (Figure 4 , middle panel). In three others, it occurred between the distal half and the subpetrous portion of the affected internal carotid artery ( Figures 1B, 1C, 2B, 3C ). In two patients, the lesion appearance consisted of focal or diffuse and irregular narrowing of the lumen with distal restitution of the lumen. Short segment narrowing with bandlike defects suggesting a web in the subpetrous portion of the dissected segment was observed in patient 2 ( Figure  2B ). The first patient showed segmental narrowing and an apparent distal ectatic segment with a flap between two lumens, where conventional angiography showed only the narrowing ( Figure 1B ). The patient with no dissection showed focal signal loss narrowing the carotid lumen in symmetrical position just at the acute petrous turn of both carotid arteries ( Figure 5, tients ( Figures 1B, 1D , 2B, 2C, 3B, 3C). In patient 3, who initially was studied with conventional angiography only, the follow-up MRA findings at 6 months correlated with the angiographic findings of a pseudoaneurysmal dilatation associated with the vessel irregularity ( Figure 3B ).
The patient in whom conventional angiography disproved the lesion was initially found on MRA to have abnormal symmetrically bilateral and very focal irregular narrowing of both the internal carotid arteries just at the acute turn into the entrance of the petrous canals. In this same patient, fibromuscular change was also found in a more proximal section of the internal carotid artery ( Figure 5 , right panel), which was not appreciated on MRA.
Follow-up MRI and MRA were performed in all four patients 3-9 months after the precipitating event. The MRI studies were all normal in these patients. MRA demonstrated the reconstitution of the normal contour and appearance of the vessel in three patients (Figures 1E,  2D ; Figure 4 , right panel). In patient 3 with narrowing and pseudoaneurysm formation, MRA demonstrated progressive improvement on the 6-and 9-month examinations without complete resolution of the irregularity and ectasia of the affected artery ( Figures 3C, 3D ). report and should raise strongly the possibility of the lesion, particularly when associated with ipsilateral cephalgia. Because Pitfalls exist with MRA. When the axial spin-echo images at the leveel of the dissection show the high signal surrounding the narrowed vascular lumen, MRA can give the appearance of vessel widening. This is presumably due to the additive signal from the methemoglobin emanating from the clot in the vessel wall and the high-flow lumen combining on the maximum pixel intensity algorithm to simulate a wider than normal vessel. Fortunately, the flaplike appearance separating the two compartments and the clearly narrow vessel proximally allowed easy diagnosis of dissection in conjunction with MRI.
Discussion
Another pitfall of MRA was found in this experience. The apparent symmetrical bilateral luminal narrowing of the carotids at the entrance to the petrous canal seen in one of our patients with appropriate clinical signs of dissection was misleading ( Figure 5 , middle and right panels). Most likely the combination of turbulence due to the acute turn of the vessels and the magnetic susceptibility effects of the air-containing mastoid cells nearby led to signal loss simulating vessel narrowing. This petrous turn of the carotids has shown similar changes in other patients in our experience. The use of phase-contrast MRA technique may help to resolve the issue in questionable cases in the future. Finally, at the present time our MRA technique proved not sensitive to the subtle change of fibromuscular disease, as seen in one of our patients ( Figure 5 ).
Although in most cases contrast angiography may no longer be necessary for detecting dissection, in the face of strong clinical suspicion and an equivocal MRI/MRA examination, it is still the "gold standard" in the investigation of the disease and some of its predisposing conditions, such as fibromuscular hyperplasia.
